ABSTRACT Pulmonary neuroendocrine cells, identified by their positive immunochemical reaction for neurone specific enolase, were readily demonstrable and uniformly distributed in 15 pairs of normal adult human lungs. About 65% contained gastrin releasing peptide and nearly all the rest contained calcitonin. Leucine-enkephalin was not found. Serotonin containing cells were few, and cells immunoreactive for adrenocorticotrophin and antidiuretic hormone were absent. About one in 10 cells was argyrophilic, and costorage of peptides was not seen.
Introduction
Pulmonary neuroendocrine cells in normal subjects are thought to contain the three peptides calcitonin,' gastrin releasing peptide (the mammalian analogue ofbombesin),2 and leucine-enkephalin,3 and the amine 5-hydroxytryptamine (5-HT; serotonin). 4 These cells may be solitary5 or form clusters,6 which are termed neuroepithelial bodies 7if innervated. Because of their sparsity and lack of quantitative data on their distribution, and because many different methods have been used to identify them, misconceptions have arisen about the cells and basic questions about their function remain unanswered. Moreover, despite accumulating evidence to the contrary,8 there is a widely held belief that their role is largely confined to fetal and neonatal life, and that in the adult they are of little importance.
We have previously reported finding a remarkably uniform number and distribution of calcitonin containing cells in normal adults. 9 The aim of the present study was to quantify further the population of pulmonary endocrine cells according to their content of peptide or amine, and to relate peptide or amine content to argyrophilia and positive staining for neurone specific enolase, a marker for neuroendocrine cells.'" In addition, we have sought the presence within these cells of adrenocorticotrophin (ACTH) and antidiuretic hormone (arginine-vasopressin). These two peptides have not been described in normal lungs but are frequently secreted by bronchial neuroendocrine neoplasms and by pulmonary tissue affected by inflammatory disease." ' Variances in numbers of neuroendocrine cells between subjects, between groups of anatomically equivalent lobes, and between individual lobes in the same subject were analysed by means of the F test.
Results
Overall, as identified by neurone specific enolase immunoreactivity, there were 10-5 neuroendocrine cells per 10 cm of epithelial length and 4 per 10 000 epithelial cells (table 2) . In all subjects they extended from the trachea to alveolar ducts but none was seen in alveoli. Seventy two per cent were in bronchi, 24% in bronchioles (almost entirely in terminal rather than All cells immunoreactive for peptide or amine were also immunoreactive for neurone specific enolase, but occasional neurone specific enolase positive cells showed no reaction to any other antigen. Two of the five clusters contained calcitonin, and the remaining three gastrin releasing peptide. There was no clear evidence of co-storage of peptides, and none of the 10 solitary cells immunoreactive for serotonin contained a peptide as well. Amine and peptide content did not vary from site to site. Fewer than one in 10 solitary cells was argyrophilic, and none ofthe clusters showed argyrophilia.
Analysis ofvariance by the F test failed to show any significant variation in number between groups of equivalent lobes, either from subject to subject or from lobe to lobe in the same subject.
Discussion
In the early 1970s pulmonary neuroendocrine cells of the human fetus, neonate, and adult were shown by formaldehyde induced fluorescence to contain an amine.'" In rabbits the characteristics of the fluorescence strongly suggested that the amine was serotonin,4 and this was subsequently confirmed by immunohistochemistry. '9 In 1977 an unidentified peptide was detected by fluorescence spectrography in rabbit neuroepithelial bodies,20 and vasoactive intestinal peptide like substances were found in the normal porcine lung.2' One year later a bombesin like substance (later shown to be gastrin releasing peptide) was identified in human fetal and neonatal lungs, and localised immunohistochemically to solitary neuroendocrine cells and clusters in bronchial and bronchiolar epithelium.2 Subsequently calcitonin, leucine-enkephalin, and bombesin like immunoreactivity were reported in these cells in fetuses, neonates, children, and adults. Neuroendocrine cell populations in normal human lungs: a quantitative study and calcitonin containing endocrine cells are present in adult human lungs, and shows that they comprise the great majority of the overall population as identified by neurone specific enolase immunoreactivity. This reaction, however, must be interpreted with caution. Neurone specific enolase is an established marker,'" but it does not necessarily reveal all pulmonary endocrine cells; and, on the other hand, no peptide was found in some neurone specific enolase positive cells, although a few contained serotonin. Possibly these latter elements contain a peptide we have not sought, or have failed to detect. Interestingly, leucine-enkephalin has been reported in the human lung,3 but we have failed to find it in several species. Alternatively, these cells may be depleted of their peptide content, or may be immature and "uncommitted." In neither case would immunoreactivity to neurone specific enolase be affected, as it is situated in the cytoplasm, independent of the neurosecretory granules.'0 A further possibility is that leucine-enkephalin is present in the pulmonary endocrine cells only in younger individuals, and disappears with increasing age.
We have previously found that argyrophilia is an inconstant feature of pulmonary neuroendocrine cells,925 and most of those identified in the present study did not stain by the Grimelius technique. The basis of the argyrophil reaction is uncertain:26 it does not appear to depend on peptide content, and is probably related to a component of the matrix of dense core granules. In our opinion, studies based on the argyrophil reaction should be viewed with caution, although Tateishi,27 using the Bodian method, reported a distribution of neuroendocrine cells in broad agreement with ours.
Neither adrenocorticotrophin nor antidiuretic hormone could be detected. Neither substance is indigenous to the normal lung, and this study provides further evidence that they do not occur in neuroendocrine cells unless disease is present. Secretion of gastrin releasing peptide and calcitonin by bronchial neuroendocrine neoplasms clearly cannot be considered "ectopic," although it may be thought "inappropriate" and is clearly abnormal. The same may be said of the secretion of calcitonin by diseased lungs that are the seat of inflammatory disease.'
Secretion of substances such as adrenocorticotrophin and antidiuretic hormone, however, that are not detectable in either neuroendocrine cells or nerves of normal lungs is clearly both inappropriate and truly ectopic. Its mechanism remains uncertain. 30 This study shows that in non-diseased lungs from human adults pulmonary neuroendocrine cells are readily and consistently demonstrable. Nearly all contain either gastrin releasing peptide or calcitonin. Although their function remains uncertain, it is difficult to imagine that such a uniform and consistent population is redundant.
